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Pressure and Yower dependence in the infrared laser photolysis
of l-chloro-1l-fluorvethylene: Experiment and modeling calculations

N. S. Nogar*
CNC-2, MS 738, Los Alamos National Laboratory
Los Alamos, New Mexico 87545
and
W. A. Jalenak
Department of Chemistry, University of Nebraska
Lincoln, Nebraska 68588

Abstract

Dissociation of the title compound following infrared multiphoton excitation was moni-
tored via infrared fluorescence of the produc:cs, either HCl* or HF¥, Total dissociation
vield and branching ratio were monitored as functions of, respectively, pressure and photo-
lytic intensity. A rate equatlions model of the excitation and dissociation process 1is shown
to be consistent with both sets of data.

Introduction

The pulsed infrared laser induced photochemistry of l-chloro-l-fluoro ethylene was inves-
tigated as a aystem from which maximal Information could be obtained. This molecule pussesses
two distinct absorption bonds in the spectral region accessible witn a CO; laser: the ¢
CH, planar rock at .10.63u and the first overtone of the v,; out of plane CFCl wag.' Further,
the molecule is capable of undergoing diseoclation via two molecular channels

HCCC1 + HF

CH, -CFCl (1)
_-I-——. HCCF + HCl

either of whicn may lead to vibrationally exclted produeis.? By examining both the absolute
yleld and the branching ratio for rcactlons 1) as a function experimentally variable parame-
ters, such as photon flux, wavelenpth and ambient pressure, a coherent plcture of the mecha-
niem of excltation and dissociatlon may be drawn.

Experimental'

The photolyLic source was a grating-tuned CO. TEA laser operated at 0.6 Hz, with a typlcal
output of 0.85 J/pulsce In a circular heam, Laser output conslsted of a 45-nsee apike (Fwhin)
contalulng «80% of the pulse cnerpy followed by a4 low fntensity tall of 0.5 usece durat lon,
Infrared pulses were directed into the center of the photolvais eell with an AR, coated
200 nm Ge lensn. The cell was a stalnless steel Flow cell fitted with NaGl entrance and exft
windows, and a CaF, viewing window, [P'ressure was monitored with a Barocel capacltance mano-
meter.

Infrarcd {luoroscence was viewed at ripht angles to the laser beam by focuslng (6 onto a
cooled infrarced detoctor. A varfety of wide and narrow band tnterference fileers, and paa
filters could be inserted between the cell and detector,  The signals were amplified, dipt-
tized (200 nucee pt~') and averaped on ia Z-BOA based microcompnter.”  Total reapondge time or
the syntem wad found to be 20.5% paec,  Typieal experiments required from 50 to 2000 shotw
averaged, depending on pressure and tluence

Re~ults and Diascunafon

Figure 2 showns infrared emiuslon observed In the 2,0-2.7 um roglon (Lmita of the filter
used). Thin sipgnal rizea fnntantancounlv ard exhibita a single esponential decay: {1 wan
assipned to HF eminnton,  The signal shown 1n Flpure Vwes acquirved (o the 3.1-4.1 im replon
and connfatn of an lnatantancous rige and double exponenttal decav,  The fent Falling aipnal
18 llkely due to quanicout Inuum cwlanfon, while the alow sipnal wan found to be due 1o Hel
fluorencence.  Extrapolation to t-0 of the aemilop Cluoresconce afpnals from HF and HED wan
used to monttor the vield of cach product,

Flpure 4 shown the dependence of the HF wipnal on the pressure of added N (all experl-
menta were carvied out with 0. %00.0% T CH CCIP) . Exporfments perforased with other bath
gunes show a nimflsr sharp inecrease in alpnal with preonsure at low pressures, and a slow
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decrease in signal with increasing pressure at higher pressures. The high pressure limit is
imposed by the occurrence of dielecctric breakdown. Figure 5 shows the dependence of the
branching racio (ratio of HF to HCl ylelds) on the intensity of the photolytic pulse The
hiih pulse energy limict stems from the limited outpur available at 10.632 um, while L.e low
pulse energy limit is imposed by a decline in total sigiial with decreasing pulse energy.

A rate equations®:® model of the excitatrion-dissociation process can be used to interprect
these results. While the rate-equations approach may not be a valid description of the exci-
tation process under all conditions,? it probably describes oprical pumping through the
3uasicontinuum adequately, and is particularly well suited to describe infrared laser in-
uced chemistry at relacively high pressure, where collisioas tend to disrupt coherent ef-
fects.® We thus anticipate that rate equations, with the proper choice of optical excita-
tion and rollisional deactivation models, will accurately reflect the pressure dependent be-
havior observed in these experiments. Further, to the extent that pumping through the quasi-
continuum, rather than through the discreet lower levels,? determines the dissoclacion yield,
c:o rnfe equations will also describe the power dependence of the competing dissociatlon
channels,

Qur rate equations are energy-grained into approxi:mately 30 levels, with level separations
corresponding to the enersyyv of rhe incident laser photons, +2.: kcal. The population of any
enerpgy level can be described by:

dN, i} 3

0
dt 2

o c o c d
o Kawg By ¥ Rpey Np- Rpog Ny - hpoy Ny =] Ky : 2
Here, ,the superscripts "»" and "c¢" refer to optical and collisional processes, respecrively,
and kik refers to the rate of dissociation from level i Na reaction channel k. Briefly,
level™"zero ls cccupied by yround state molecules not accessible to the radiation 1ield, while
level one, which ls desencrate in eneryy, contalna molecules which are accessible to the
photon ficld Based on estimates of the power broadened laser linewidih, and widith of the
vg vibrational reature, the t=0 populations of these levels are given by- N;/Na - 0.02.
Collislons are 1ssumed to equilibrate levels one and ero at a pas kinetlc rate. For all
other levels, Ny-0 at t=0. Opcical pumping rate constants are products of nhso;qrinﬁ cross
sections, depenctacy racfos and the laser tntensity, For CH-CCLF, 5, = 1.3-107'7 em , and
the level dependence fs assumed to have the form T 1= /7, The larer pulsc is assumed
square, | = 25 nsec,'” and 1 =~ 1.4:10°7 em™ sec™', © Level degeneracles tre approximated by
staie denuitics based on the Whitten approximation,'! with - .- = 97¢ em™! und 5 n 1226 em™"'.
Reaction ratcs are calculated from QRRK theory, with k = A ;égjﬁl' ?%E&:% i for HF climina-
tion, rhe Archenius (A) ractor is 2,60-10'" ace™!, '+ '2 and aL threshold, m=21, A varietv of
models of collizional enerpy transler werce examined (vida infra) in order as beat it the
experimental data,

The rate cquat fons were numericallv inteprated, using o modified Gear alporithm.'' on a
Z-80A baned microcomputer (North star) containing 64K or RAM. Integrations typically require-
el T hra cpu tlne For each pressure. As noted above, a varietv of enerpy transter modela'’
were uned to simlate colllsional deactivation of the ept lcally pumped molecules, Includines
stepladder, yaunafan and exponent {al models, A “est Pit' was obtalned using an exponent 1l
model with - -E 2. keal. Resultw of thia caleularfon are shown in Fipure 4. The compet -
itive disocl. Cion processes can al:o he simalated via the rate equatfonu, as shown in
Flpgure 5. Here, the ratio of vrvdlclvd disgociat fon rites {a ghown as a function of pres-
gurc, usine: A L.R&7-10"" wee”™ vnd m-lt 1t threshold for the HOL el tpination proces:,.  The
rate cquatfons thua apparently provide an adequite deaseriptifon of the exeltat fon process,
and may previde immatyht fnto the mechanfatle detalla ol malt fphoton discsociat lon processes,
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Figure Captions

Figure 1. Schematic of experimental apparatus, The infrared detector is L-N2 cooled InSh,
Total responae time of the system is <0.5 usec.

Figure 2. Emission in the region 2.0-2.7 um, due to HF fluoreacence.

Figure 3. Emission is the vegion 3.1-4.1 ym. The fast-decaying component is assumed due to

fluorescence from the quasicontinuum of CH;~CFCl, while the slow decaying component is due
to HC1 fluorescence.

Figure 4. Dependence of the HF ylield on N> pressure, Yields are taken from the t=0 inter-

c:pt of the semilog plots of fluorescence decays. FRxperimental data, e ; numec.ical sinula-
tion, .

Figure 5. Dependence of the HC1l/HT branching ratio vu laser pulse energy. Experimental
data, e ; numerical simulation, A.
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